for the HEAT study team M Background: Abacavir sulfate/lamivudine (ABC/3TC) and tenofovir DF/emtricitabine (TDF/FTC) are widely used nucleoside reverse transcriptase inhibitors for initial HIV-1 treatment. This is the first completed, randomized clinical trial to directly compare the efficacy, safety, and tolerability of these agents, each in combination with lopinavir/ ritonavir in antiretroviral-naive patients.
Introduction
Triple combination highly active antiretroviral therapy containing a protease inhibitor with two nucleoside reverse transcriptase inhibitors (NRTIs) has resulted in dramatic decreases in HIV-1-related morbidity and mortality and is currently considered a standard of care regimen for initial treatment of HIV-1-infected patients [1] [2] [3] [4] .
No large, randomized clinical trials have been completed to date comparing the two most commonly prescribed, once daily, dual-nucleoside backbones, abacavir sulfate/ lamivudine (ABC/3TC) and tenofovir DF/emtricitabine (TDF/FTC), in treatment-naive patients. The HEAT (HIV Study with Epzicom And Truvada) study was conducted to compare the efficacy and safety of ABC/ 3TC with TDF/FTC, each in combination with oncedaily lopinavir/ritonavir (LPV/r) over 96 weeks.
Methods
Participants HEAT was a randomized (1 : 1), double-blind, placebomatched, noninferiority study comparing two once-daily regimens containing a fixed dose combination nucleoside, ritonavir-boosted protease inhibitor, and placebo for the comparator nucleoside. Antiretroviral therapy (ART)-naive, HIV-1-infected patients, at least 18 years old with plasma HIV-1 RNA ! 1000 copies/ml (c/ml) and any CD4 þ cell count were recruited from the United States and Puerto Rico. Prospective screening of patients for the HLA-B Ã 5701 allele was not performed. Patients were excluded for the following but not limited to medical conditions compromising patient safety, use of prohibited medications, protocol-specified abnormal laboratory values, and estimated Cockcroft-Gault creatinine clearance below 50 ml/min. Patients were stratified at study entry by screening HIV-1 RNA (<100 000 or !100 000 c/ml). The study was approved by ethics review boards at each participating center and conducted in accordance with Good Clinical Practice. All patients provided their written informed consent.
Design and interventions
Each participant was randomly assigned to receive ABC/ 3TC (600 mg/300 mg, Epzicom or Kivexa; Glaxo-SmithKline, Ware, UK) and TDF/FTC placebo or TDF/FTC (300 mg/200 mg, Truvada; Gilead Sciences, Foster City, California, USA) and ABC/3TC placebo, each with open-label LPV/r (800 mg/200 mg, Kaletra; Abbott Laboratories, Abbott Park, Illinois, USA) for 96 weeks. Placebo for ABC/3TC resembled the appearance and weight of the commercial tablet. The TDF/FTC tablet was blinded by overencapsulating both the TDF/FTC placebo and active tablets with tightly fitted, opaque, soft gelatin capsules. Due to a formulation change in LPV/r shortly after study initiation, all patients received LPV/r six capsules daily (q.d.) from baseline to week 48 followed by four tablets q.d. from weeks 48 to 96. Unblinding of the NRTI was allowed only for patients' safety. Patients who experienced proximal renal tubule dysfunction (PRTD) or a suspected hypersensitivity reaction (HSR) to ABC were allowed to remain in the study after discontinuation of their blinded NRTI and substitution to any approved NRTI other than ABC or TDF. In the event of gastrointestinal intolerance to q.d. LPV/r, patients were allowed to receive LPV/r twice daily (b.i.d.). In cases of treatment-limiting intolerance to LPV/r, patients were permitted to substitute any other approved protease inhibitor and continue in the study; no other antiretroviral substitutions were allowed. Patients with confirmed virologic failure were permitted to continue their randomized regimen only after consultation with the investigator and sponsor.
Procedures and assessments
Patients were evaluated at screening, baseline (day 1), and at weeks 2, 6, 12, 18, 24, 32, 40, 48, 60, 72, 84, and 96, or withdrawal. At each visit, samples for HIV-1 RNA, CD4 þ /CD8 þ lymphocyte subsets, clinical chemistries, hematology, and urinalysis were collected and analyzed. At baseline, Centers for Disease Control and Prevention classification, hepatitis B and C serology and b-human chorionic gonadotropin (wherever appropriate) were assessed. Herpes simplex virus 2 (HSV-2) serology was assessed at week 48 or later. Plasma HIV-1 RNA concentrations were measured by the Roche Cobas Amplicor HIV-1 Monitor or Ultrasensitive Monitor Test (Roche Diagnostic Systems, Branchburg, New Jersey, USA). Adverse events, concurrent medications, and HIVassociated conditions were assessed at each visit. Adverse events were graded using the 2004 Division of AIDS toxicity grading scale. All suspected ABC HSRs were reported as serious adverse events (SAEs). A sample for viral genotypic and phenotypic analysis was stored at baseline and at all subsequent visits. Viral genotypes and phenotypes were performed at Monogram Biosciences Inc. (South San Francisco, California, USA) on patients meeting protocol-defined virologic failure criteria. Genotypic mutations were defined according to International AIDS Society (IAS)-USA guidelines (August/ September 2007) [5] . All other laboratory tests were performed centrally by Quest Diagnostics (Van Nuys, California, USA).
Outcome measures
The primary efficacy endpoint was the proportion of patients with HIV-1 RNA below 50 c/ml at 48 weeks (missing ¼ failure, M ¼ F) and the primary safety endpoint was the incidence of adverse events over 96 weeks. Secondary endpoints included the proportion with HIV-1 RNA below 400 c/ml, change in HIV-1 RNA and CD4 þ cell counts, time to virologic failure, time to loss of virologic response (TLOVR), development of genotypic and phenotypic resistance at virologic failure, rate of blinded NRTI discontinuation due to suspected ABC HSR or PRTD, and fasting lipid measures. Virologic failure was defined as either failure to achieve HIV-1 RNA below 200 c/ml or confirmed rebound to !200 c/ml after reduction to below 50 c/ml by week 24. After week 24, virologic failure was defined as a confirmed HIV-1 RNA rebound to !200 c/ml.
Statistical analysis
Success was defined as the proportion of patients that achieved an HIV-1 RNA below 50 c/ml. Assuming a 65% success rate in each group at week 48, a targeted sample size of 680 patients (340 patients per arm) provided 90% power (one sided, a ¼ 0.025) to establish noninferiority of ABC/3TC to TDF/FTC each in combination with LPV/r. Noninferiority was defined as the lower bound of the two-sided 95% confidence interval (CI) on the treatment difference (ABC/3TC À TDF/ FTC) being above À12%.
The primary population for efficacy analyses was the intent-to-treat exposed (ITT-E) population, which included all randomized patients exposed to at least one dose of study medication. In the M is equal to F analysis, all available data were included and missing data were considered failures. Additional analyses for the proportion of patients achieving HIV-1 RNA levels below the lower limits of detection (<50 and <400 c/ml) included the Food and Drug Administration-defined TLOVR, observed, and missing/discontinuation is equal to failure (MD ¼ F).
According to the TLOVR algorithm, responders were patients with confirmed viral load below 50 (400) c/ml on two consecutive occasions who had not yet met any nonresponder criterion. Nonresponders were patients who never achieved confirmed viral load below 50 (400) c/ml on two consecutive occasions, prematurely discontinued study and study medication for any reason, had confirmed rebound to !50 (400) c/ml or had an unconfirmed viral load of !50 (400) c/ml on their final study visit. The ITT-E observed analysis included all observed data. In the ITT-E, MD is equal to F analysis, patients with missing data or data collected after switching or discontinuation of randomized study medication were considered failures.
For the primary efficacy analysis and the corresponding sensitivity analyses, the treatment response rates (RR) in each group were stratified by the baseline HIV-1 RNA (<100 000 or !100 000 c/ml) using Mantel-Haenszel weights.
The primary safety population included all randomized patients who consumed at least one dose of study drug and were analyzed by the actual treatment received.
Results

Patient disposition and baseline characteristics
During the recruitment period (July 2005 through June 2006), 694 patients from 78 centers were randomized ( Fig. 1 ). Six patients were randomized but discontinued study prior to receiving any study medication and thus were excluded from the ITT-E population. In total, 66% (455/688) of the ITT-E population completed the 96-week study.
Baseline demographics and characteristics were similar between treatment groups (Fig. 1 ). The median baseline HIV-1 RNA was 4.9 log 10 c/ml and median CD4 þ cell count was 202 cells/ml. Notably, 43% of the population had HIV-1 RNA !100 000 c/ml and 19% had a CD4 þ cell count below 50 cells/ml at baseline.
Efficacy results
In the primary efficacy analysis, 68% of patients in the ABC/3TC vs. 67% in TDF/FTC group achieved an HIV-1 RNA below 50 c/ml at week 48 based on stratified response rate using an ITT-E, M is equal to F analysis (95% CI on the treatment difference À6.63 to 7.40), thus establishing the noninferiority of ABC/3TC to TDF/ FTC. Sensitivity analyses (ABC/3TC vs. TDF/FTC) using TLOVR (63% vs. 61%), MD is equal to F (64% vs. 62%), and observed analyses of the ITT-E population (84% vs. 87%) demonstrated consistent results at 48 weeks. At week 96, the noninferiority of ABC/3TC to TDF/FTC was maintained as 60% vs. 58% of patients achieved an HIV-1 RNA below 50 c/ml (ITT-E, M ¼ F) (Fig. 2 ).
Treatment responses by baseline HIV-1 RNA strata were similar between groups at weeks 48 and 96 ( Fig. 3 ). Among patients (ABC/3TC vs. TDF/FTC) with baseline HIV-1 RNA !100 000 c/ml, 63% vs. 65% achieved an HIV-1 RNA below 50 c/ml at week 48 and 56% vs. 58% maintained this endpoint at week 96 using the ITT-E, M is equal to F analysis. Among patients (ABC/3TC vs. TDF/FTC) with baseline HIV-1 RNA below 100 000 c/ml, 71% vs. 69% were below 50 c/ml at week 48 and 63% vs. 58% remained below 50 c/ml at week 96.
At week 96, median CD4 þ cell count increased by 250 cells/ml from baseline in the ABC/3TC group [interquartile range (IQR) ¼ 148-358] and by 247 cells/ ml in the TDF/FTC group (IQR ¼ 149-359). Median CD4 þ cell counts at week 96 in the ABC/3TC and TDF/ FTC groups were 466 and 445 cells/ml, respectively.
Through week 96, 14% of patients in the ABC/3TC vs. 14% in TDF/FTC group met the protocol definition of virologic failure while on study treatment. The median time to protocol-defined virologic failure in the ITT-E population could not be estimated by the Kaplan-Meier method due to the small number of patients with virologic failure.
Drug-associated resistance as defined by the IAS-USA resistance guidelines was assessed for the 97 patients (14%) with protocol-defined virologic failure (ABC/3TC, 49; TDF/FTC, 48). Eighty-six of these patients had paired baseline and on-treatment samples for genotypic and phenotypic analysis; 40 out of 86 (47%) patients had virus with treatment-emergent mutations. Twenty-eight of 86 (33%) patients had virus with acquired NRTIassociated mutations (ABC/3TC, 11; TDF/FTC, 17); the most common substitution occurred at codon 184, (ABC/3TC, 11; TDF/FTC, 17). Eighteen of 86 (21%) patients acquired minor protease inhibitor-associated mutations (ABC/3TC, 11; TDF/FTC, 7). One patient receiving ABC/3TC acquired primary protease inhibitor resistance. This patient had a documented re-exposure to HIV from a partner who was heavily ART experienced, prior to the virologic failure timepoint. Phenotypic results confirmed these genotypic findings.
Safety results
The safety population was composed of 688 patients (ABC/3TC, 343; TDF/FTC, 345). Median exposure to all study medications was 96 weeks (range 0.1-110 weeks). The proportion of grade 2-4 adverse events was similar between treatment groups over 96 weeks; 80% for each group, and 50% vs. 46% (ABC/3TC vs. TDF/FTC) were considered drug related ( and one patient was coinfected with hepatitis C. The mean age of these patients was 46 years (range 35-60 years) with a median baseline eGFR (MDRD) of 83 ml/min/1.73 m 2 (range 61-177). Of the five patients, two switched to another nucleoside backbone, four recovered from the event, but recovery status was unknown for one patient who discontinued study prematurely. Only two patients who developed PRTD completed the study, reasons for early discontinuation in the other three patients included patient's decision to withdraw, adverse events, and loss to follow-up.
Treatment-emergent elevations in serum aminotransferases were more common in patients with evidence of coinfection with hepatitis B, C, or both. Grade 3/4 ALT elevations were observed in less than 1% (3/295 in ABC/ 3TC and 2/306 in TDF/FTC) of patients without coinfection compared with 9% (5/45 in ABC/3TC and 2/33 in TDF/FTC) of patients coinfected with hepatitis B, C, or both in both treatment groups.
Both groups showed similar changes from baseline in fasting lipid values at week 96 ( Table 2 ). Elevations in cholesterol and triglycerides were seen in both groups; however, the total cholesterol : high-density lipoprotein (HDL) ratio was essentially unchanged. One hundred and twenty-one patients (18%) received one or more lipidlowering medication(s) during the study: 20% in the ABC/3TC and 15% in the TDF/FTC group. Eighteen patients (11 in ABC/3TC and seven in TDF/FTC) were receiving lipid-lowering medications prior to study participation and continued the medications in the study. Pulmonary embolism was considered a serious adverse event, regardless of whether it was reported as serious by the investigator. Included are one patient on ABC/3TC reported to have a serious, nondrug-related grade 2 event and two patients on TDF/FTC (one reported to be a serious and drugrelated grade 4 event, and the other reported as a nonserious, nondrug-related grade 4 event). e One patient in the TDF/FTC group had both pulmonary embolism and deep vein thrombosis, which were judged by the investigator as treatmentrelated; additional follow-up by medical monitor could not determine if proposed causality was associated with timing of events or other mechanism.
Cardiovascular and biomarker results
Eight patients died during the study, none were judged by investigators as drug related (one ABC/3TC, head trauma following a fall; seven TDF/FTC, pneumonia, gastrointestinal hemorrhage, cardiopulmonary failure after larynx surgery, disseminated mycobacterium infection, exacerbation of chronic obstructive pulmonary disease and respiratory failure, progressive multifocal leukoencephalopathy, and AIDS in a patient with heavy ethanol use and depression). Week 48
Week 96
Week 48
Week 96 TIA in a patient with history of hypertension and hypertriglyceridemia. Additionally, one patient with a history of hypertension and 30 years of smoking reported a nonserious cardiovascular event of peripheral vascular disease in the ABC/3TC group.
A post-hoc exploratory analysis was undertaken to assess three markers of inflammation, high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), and soluble vascular cellular adhesion molecule-1 (sVCAM-1). Data from patients with matched samples at baseline and either week 48 or 96 were analyzed to determine changes from baseline. The percentage change (ABC/3TC vs. TDF/ FTC) in biomarker geometric mean concentrations from baseline to week 48 was (À12% vs. À20%, hs-CRP), (À26% vs. À23%, IL-6), and (À49% vs. À48%, sVCAM-1) and from baseline to week 96 was (À5% vs. À17%, hs-CRP), (À19% vs. À25%, IL-6), and (À51% vs. À50%, sVCAM-1). Decreases were noted at each postbaseline timepoint for all three markers and the declines between treatment groups for all assessments were not significantly different ( Table 2 ).
Discussion
This was the first large, randomized comparison of the only two once-daily dual-nucleoside combinations for initial HIV-1 therapy, each in combination with LPV/r. ABC/ 3TC was noninferior to TDF/FTC and no differences in potency or immunologic response between groups in the overall population or by baseline viral load strata (< or ! 100 000 c/ml) was observed through 96 weeks.
The 63% response rate in the ABC/3TC arm with entry viral load !100 000 c/ml was consistent with the 59-69% response rate of similar patients who achieved an HIV-1 RNA below 50 c/ml at 48 weeks using a M is equal to F analysis when ABC þ 3TC was combined with either efavirenz (EFV) or a boosted protease inhibitor [6] [7] [8] [9] . A lower treatment response rate or increased time to reach undetectable viral load is not unexpected in patients with baseline viral load of !100 000 vs. below 100 000 c/ml. In two recent studies of boosted protease inhibitors, a lower virologic response was observed among TDF/ FTC-treated patients with baseline viral load of !100 000 c/ml [10, 11] .
Direct head-to-head comparisons of ABC/3TC with TDF/FTC are limited. The ongoing AIDS Clinical Trials Group study, A5202, compares ABC/3TC and TDF/ FTC with either atazanavir/ritonavir (ATV/r) or EFV.
The high viral load cohort (!100 000 c/ml at screening) from this study was unblinded based on a recommendation from the data safety monitoring board noting a shorter time to virologic failure in those patients taking ABC/3TC [12] . The A5202 study differed from the HEAT study in several ways, including use of ATV/r or EFV as the third agent, virologic failure definition, primary endpoint, and management of adverse events; the impact of these differences on the results is unknown.
Recently, results of four smaller, nonrandomized studies comparing ABC/3TC or TDF/FTC-based therapy with other boosted protease inhibitors or nonnucleosides in previously ART-naive or experienced patients were presented. Study populations were stratified by baseline HIV-1 RNA (<100 000 or !100 000 c/ml) and no difference in virologic response to HIV-1 RNA below 50 c/ml at week 24 or 48 were reported [13] [14] [15] [16] . Suspected ABC HSR was relatively uncommon (4%) compared to previous studies in which prospective HLA-B Ã 5701 screening was not performed [28, 29] .
In the Atazanavir Ritonavir Induction-Simplification with Epzicom Study (ARIES), prospective use of HLA-B Ã 5701 screening identified patients at highest risk of experiencing an ABC HSR and demonstrated that the rate of HSR could be decreased by using prospective testing. In the HEAT study, prospective HLA-B Ã 5701 screening may have lowered the incidence of ABC HSR in the ABC/3TC group from 4% to less than 1% [17] .
Both regimens in this study were well tolerated with similar rates of treatment discontinuation. Gastrointestinal disturbances were more common with TDF/FTC; lipid abnormalities were more common with ABC/3TC. Although the non-HDL ratio remained below five for both treatment groups, a greater increase in total cholesterol, triglycerides, and low-density lipoprotein were observed among patients receiving ABC/3TC. PRTD was reported in a small number of patients in the TDF/FTC group through 96 weeks, consistent with recent case reports [18] [19] [20] [21] [22] [23] of tubulopathy, including Fanconi syndrome in the literature. Two patients with acute renal failure were discontinued from the TDF/FTC arm. At the last on treatment visit, 11 vs. four patients in the TDF vs. ABC arms, respectively, progressed to stage 3 CKD. Most of these patients had confounding factors such as pre-existing systemic or renal disease.
Because of the unexpected finding from observational cohort studies [24, 25] of increased myocardial infarction and cardiovascular disease (CVD) risk among patients starting ABC-containing regimens, we reviewed all cardiovascular events that occurred in the HEAT study. Few cardiovascular events were reported and none were judged by investigators as being related to the study drug. Additionally, all were confounded by concurrent medical conditions, risk factors for CVD, or both. Although information was not available to calculate cardiac risk for patients in the trial, a retrospective analysis of three inflammatory markers (hs-CRP, IL-6, and sVCAM-1) associated with cardiovascular risk was conducted, demonstrating similar declines in both groups. These results do not support a hypothesis of increased cardiovascular risk mediated through increases in inflammatory markers for either ABC/3TC or TDF/FTC.
Similar rates of protocol-defined virologic failure were observed between treatment groups. Treatment-emergent drug resistance was assessed for 86 of 97 patients, with protocol-defined virologic failure and available data during the course of the study. The rate of NRTI-acquired resistance detected in the ABC/3TC treatment group is consistent with previous studies of comparable treatment regimens, but the rate of acquired NRTI resistance detected in the TDF/FTC treatment group was higher than reported in previous studies using TDF/FTC with boosted PIs [6, 26, 27] .
The results of the HEAT study demonstrate that ABC/ 3TC and TDF/FTC, each in combination with LPV/r, are highly effective initial regimens regardless of baseline viral load or CD4 þ cell count. Long-term virologic, immunologic, safety, tolerability, and antiretroviral resistance for ABC/3TC were similar to those with TDF/FTC over 96 weeks. In this study, both ABC/3TC and TDF/FTC proved to be effective and well tolerated backbones for initial ART.
